of the sheath connected to three outlet/inlet orifices), and a handle attachment knob to which a holding handle can be affixed (Fig. 1) . A fixation notch is also present, to which a holder arm can be applied if the operator wishes to use the fixed-frame system rather than free-handed maneuvering, although we have never required fixation procedures in neuroendoscopic surgery. The three outlet/inlet orifices are used for irrigation (left), suction (center), and microinstrumentation (right). Irrigation and suction procedures are undertaken by opening the left and center orifice, respectively. The total weight of the neuroendoscope is 550 g with the endoscope connected to a lighting cable and camera. A number of microinstruments of 1.3-mm diameter are available, including microscissors, biopsy forceps, grasping forceps, monopolar coagulator/cutting rod, and bipolar coagulator. These can be introduced through the upper one third of the neuroendoscope lumen.
Technique for Frameless Free-Hand Maneuvering
Through an 8-mm-diameter burr hole, a No. 14 French peel-away Swan-Ganz introducer catheter (Daig, Minnetonka, MN) is passed into the target ventricle.
The endoscope is then inserted into the ventricle via the peel-away catheter, and anatomical landmarks are identified. The endoscope is held steady in the surgeon's left hand, with the handle gripped at the base, thus allowing quick back-and-forth movements along the long axis through in a peel-away sheath inserted to the ventricle; side shifting of the tip of endoscope to the objective target will be minimal. Using the right-most inlet/outlet orifice, the short and handy semiflexible microinstruments can be guided and controlled by the surgeon's right hand (Fig. 2  upper) . Irrigation is facilitated by the surgeon's assistant manually injecting artificial cerebrospinal fluid. In cases involving balloon techniques, a No. 2 French Forgatti microballoon (1-mm diameter and 5-mm maximum inflation) can also be manipulated by the right hand at the right orifice (Fig. 2 lower) , placing the balloon at the best site for ventriculostomy. Inflation and deflation are controlled by the assistant who manually manipulates the air injection with a 1-ml microsyringe. The body of the endoscope is composed of an ovoid outer sheath, rigid-rod objective lens, working channel, and a handle attachment knob to which a holding handle can be affixed. Three outlet/inlet orifices are used: the irrigation channel on the left, suction channel in the center, and microinstrument channel on the right.
Techniques for Different Neuroendoscopic Procedures
Third Ventriculostomy. Landmarks by which to guide the endoscope tip to the floor of the third ventricle have been described elsewhere. 7, 14 Our neuroendoscope can be passed through a normal-sized foramen of Monro and a wide-angled operative field to discern intraventricular morphological features (such as aqueductal stenosis and thinning of the third ventricular floor) with minimal axial movement required of the endoscope sheath (Figs. 3 and  4) . A small hole, made for the initial opening at the center of the third ventricular floor, can be enlarged by microballoon inflation (60-cm No. 2 French and 5-mm inflated balloon diameter). The tip of the neuroendoscope is then passed through the ventriculostomized window to confirm opening of the Liliequist membrane and assess the morphology in the prepontine cistern.
Tissue Biopsy Sampling. By inserting the neuroendoscope through the peel-away sheath toward the lesion in the ventricle (Fig. 4) -once the tissue is detached from the tumor body-the entire endoscope is removed through the guide sheath together with the microforceps holding the tissue. The microforceps-held tissue should not be removed via the working channel of the endoscope because the tissue may be damaged or the tip of the microforceps may become caught at the orifice of the endoscope. It is easy for the surgeon to move the endoscope in this fashion because of the free-hand manuevering capacity.
Cyst Wall Fenestration. In cases such as cystic craniopharyngioma, the cyst wall is fenestrated and Ommaya reservoir tube placement is endoscopically assisted through the foramen of Monro. This technique has been described elsewhere. 3 The wall is soft enough to be penetrated by the microforceps, and the cystic contents are evacuated using the suction function of the neuroendoscope. The Ommaya tube is grasped within the ventricle and guided to the site at which the tumor penetrates the third ventricle.
Shunt Placement. To place the ventricular tube for the ventriculoperitoneal shunt, the lens of the neuroendoscope is used. After the ventricle is punctured using a manometric ventricular trocar, 11 the inner stylet with cerebrospinal fluid pathway is removed, and the intraventricular pressure is measured. The fine small-diameter lens is inserted through the outer sheath of the trocar, and intraventricular morphology is confirmed to determine the best position for placement of the ventricular tube. The outer sheath allows the ventricular tube to be guided into position through the sheath.
Clinical Cases
Between January 2001 and July 2003, the newly designed Handy Small Diameter Rigid-Rod Neuroendoscope was used for various neuroendoscopic procedures in 66 patients. There were 35 male and 31 female patients who ranged in age from birth to 77 years at diagnosis (mean 8.7 years). In all patients surgery was performed by the senior author (S.O.). Fifty-six patients were treated for hydrocephalus (13 simple type, 11 dysgenetic type, and 32 secondary type), 13 for intracranial tumors (12 third ventricular and one fourth ventricular), and 12 for intracranial cysts (six third ventricular, three lateral ventricular, one quadrigeminal, one interhemispheric, and one posterior fossa cisternal). All patients underwent axial computerized tomography and magnetic resonance imaging. Individual pre-and postoperative diagnostic studies have been reported elsewhere for patients with hydrocephalus and cerebrospinal fluid dynamics 7, 8 and intracranial tumors. The endoscope is held steady in the surgeon's left hand with the handle gripped at the base; this allows quick back-andforth movements along the long axis through a peel-away sheath inserted to the ventricle and minimal side shifting of the endoscope tip to the objective target. Lower: Using the right most of the three inlet/outlet orifices, the semiflexible microinstruments can be guided and controlled by the surgeon's right hand.
Results

Treatment Modalities and Neuroendoscopic Procedures
Of the 56 patients with hydrocephalus, including those with tumor or cyst, ventriculoperitoneal shunts were placed in 32. The ventricular tube was placed using endoscopic guidance and confirmed by placing the neuroendoscope lens into the optimal position within the ventricle. In the remaining 24 patients with hydrocephalus, third ventriculostomy was performed in 20, septostomy in four, foraminoplasty for atresia or obstruction in two, and additional fourth ventriculostomy via an enlarged sylvian aqueduct in one as either a single or the combined procedure.
Of the 13 patients with intraventricular tumors, 10 underwent tissue biopsy sampling to establish a definitive pathological diagnosis as well as third ventriculostomy (five cases) and septostomy (two cases). Three patients had been previously treated for craniopharyngioma and cystic tumor recurrence. For six patients with pineal region tumor and three with recurrent cystic craniopharyngioma the therapeutic modalities have been reported elsewhere. 3, 10 In the 12 patients with an intracranial cyst the cyst wall was fenestrated, partially removed, and widely opened. Five of these patients underwent concurrent third ventriculostomy and one septostomy.
Procedure-Related Morbidity and Mortality Rates
Of the 66 patients who underwent the various neuroendoscopic procedures, the mortality rate was 0%, and no significant technique-or procedure-related morbidity was observed. One patient with long-standing overt ventriculomegaly and a history of seizure developed intractable convulsions as status epilepticus, after which hemorrhagic infarction developed around the burr hole site. Coagulation of the cortical vein, which had bled uncontrollably when the burr hole was made at the previously operative site, was considered to represent a complication directly related to the procedure, with postoperative status epilepticus aggravating venous congestion of the regional blood circulation. Four patients with severe ventriculomegaly and thin cerebral cortex developed ipsi-or bilateral subdural fluid collections, although the passage made through brain parenchyma by insertion of the peel-away sheath is always packed with fibrin form mesh (Surgicel; Ethicon, Inc., Somerville, NJ) during sheath removal; however, the subdural fluid collections have remained asymptomatic, and the sizes of the fluid-filled spaces have slowly reduced spontaneously except in one patient in whom a subdural-peritoneal shunt was needed to drain the fluid.
Discussion
Three types of neuroendoscopes are presently available: the rigid rod, semirigid rod, and flexible-steerable rod. 7 Selection of each neuroendoscope is based on specific indications and clinical application of the procedure. In selecting the instrument the surgeon should consider the following factors: 1) the need for high-resolution imaging or endoscope mobility; 2) the anticipated surgical procedure (fenestration, resection, cutting, or coagulation) that necessitates certain microinstruments; and 3) the need for the assisting/supporting system, given the limitations associated with each form of neuroendoscopic surgery.
Various factors should influence the clinical choice of neuroendoscope ( Table 1) . The most salient advantage of the rigid-rod neuroendoscope is its high-quality imaging, which allows fine morphological analysis because its illumination is brighter than that of its counterparts. On the other hand, the most valuable advantage of the flexiblesteerable neuroendoscope is mobility within confined spaces, such as ventricles, cystic cavities within brain parenchyma, and the cistern. The advantages of semirigid rod neuroendoscope include fine structure, angulation du- FIG. 3 . Images obtained during neuroendoscopic third and fourth ventriculostomy performed in a 3-month-old girl. She was born with an extremely low body weight of 841 g, at 22 weeks' gestation, with hydrocephalus due to intraventricular hemorrhage. Upper: Third and fourth ventriculostomy were performed for a disproportionately large fourth ventricle. Lower: Frameless freehand maneuvering with the neuroendoscope allowed the dilated fourth ventricle to be reached via the dilated sylvian aqueduct, which was just 4 to 5 mm wide.
ring free-hand maneuvering, and possible application as a stylet for shunt placement. The limitations of each neuroendoscope must also be understood. Rigid-rod devices require a fixed operative field and larger instrument rod, whereas semirigid and flexible-steerable rods provide a dimmer operative field and limited choice of instrument size. These advantages and disadvantages should be taken into account when planning individual procedures.
The Handy Rigid-Rod Neuroendoscope is designed to combine the major advantages of each type of neuroendoscope with frameless free-hand maneuvering ( Table 1) . As described previously, 4, 10, 15, [17] [18] [19] the improvements in surgeryrelated mortality and morbidity rates associated with these modern instruments must be emphasized. Ventriculostomy (for noncommunicating hydrocephalus) and septostomy or foraminoplasty (for isolated compartment hydrocephalus in various forms) 6, 7 now represent some of the best indications for frameless free-hand maneuvering in the treatment of hydrocephalus. When free-hand techniques are used with the semirigid rod endoscope to manipulate shunts, the procedure can be conducted more safely and more definitively because of brighter lighting. Furthermore, our neuroendoscope is extremely useful in cases in which the ventricles are small, such as in slit-ventricle syndrome. With regard to this technique, shunt placement in the small ventricle can cause the side holes of the ventricular tube to be plugged by brain tissue. The 1.2-mm endoscope is reportedly valuable in third ventriculostomy, shunt placement, and cyst wall fenestration within the ventricular system. 4 Walker, et al., 18 have reported that although such an endoscope can be useful for third ventriculostomy if the floor is thin, the procedure may be difficult if the floor is thickened, such as in patients with long-term shunt-treated hydrocephalus or a history of hemorrhage, infection, or multiple shunt revisions. In their technique the endoscope body itself is essentially used alone, without other instruments for penetrating the brain parenchyma. Penetrating thick brain parenchyma to create a specific size of "hole" or "open window" is obviously difficult when using finediameter instruments such as fine microforceps or a fine stylet-type endoscope. The use of a balloon, monopolar coagulator, or laser equipment in conjunction with either a flexible-steerable or rigid-type neuroendoscope may be necessary. Tissue biopsy sampling and resection represent other advantages associated with neuroendoscopic surgery. Biopsy samples may be obtained in intraventricular locations less invasively when using the Handy Rigid-Rod Neuroendoscope during high-resolution imaging. This procedure requires simple instruments only; however, removal of deep-seated intraparenchymal lesions when using purely endoscopic maneuvers is limited for our device or flexible-steerable endoscopes. The larger rigid-rod neuroendoscope equipped with specific instruments may be more advantageous in such circumstances. Reported procedures for approaching such lesions, however, frequently involve endoscope-assisted microneurosurgery, and the endoscope is used for better illumination and demonstration of the operative field in the "open" cannula. Endoscopic surgery must be defined as a procedure performed within a closed cavity. Frameless free-hand manuevering with the aforedescribed neuroendoscope allows for true endoscopic surgery in a narrow cavity.
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Frameless hand-held rigid-rod neuroendoscope 117   FIG. 4 . Images obtained in a 9-year-old girl harboring an expansive third ventricular tumor who developed subacute onset and progressive deterioration of visual disturbance during the 2 weeks prior to admission. Upper: Because the presence of a chemosensitive tumor was possible, neoadjuvant cisplatin-based chemotherapy was initiated while waiting for anticoagulant reversal. Center: The tumor responded dramatically, decreasing in size and simultaneously improving ventriculomegaly with spontaneous opening of the foramen of Monro and aqueduct. Lower: Frameless free-hand maneuvering with the rigid-rod neuroendoscope allowed passage through the normal-sized lateral ventricle and foramen of Monro to obtain the tumor biopsy sample without any difficulty. Tissue biopsy results confirmed the diagnosis of a germinoma, and a specific therapeutic regimen was initiated.
Conclusions
We have developed a new neuroendoscope that offers improved access to intracranial lesions and maneuverability for various microinstruments during high-resolution imaging. The neuroendoscope has a rigid rod that is 2 mm in diameter and 16.5 cm in length, which is placed in the lower two thirds of an ovoid cannula that is 3.5 ϫ 2.5 mm in diameter. The "gun-butt" holder which the operator grips with his/her left hand, provides stability to the holder and allows the endoscope to be handled with improved control. The surgical route is protected by insertion of a No. 14 French peel-away sheath. Various microinstruments can be introduced to the operative field via the upper one third of the cannula. These microinstruments are nearly as long as the body of the endoscope, and because these instruments are grasped directly by the surgeon's right hand, fine neuroendoscopic surgical maneuvering is more readily achieved. The main technical advantage of the free-hand maneuvering of the Handy Small-Diameter Rigid-Rod Neuroendoscope is that it can be held comfortably with one hand and instruments can be maneuvered in and out of the field with the other. The results of early clinical experiences-0% mortality and morbidity rates-indicate the utility of both this neuroendoscope and neuroendoscopic surgery.
